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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT
for the

Bureau of Aeronautics, Navy Department
WIND-TUNNEL TESTS OF THE 0.15-SCALE POWERED MODEL
OF THE FLEETWINGS XBTK-1 AIRPLANE
I - LONGITUDINAL STABILITY AND CONTROL
TED NO, NACA 2332
By Joseph Weil and Rebecca I. Boykin

SUMMARY

An investigation was undertaken to determine the
probable static stability and control characteristics of
the XBTK-1 airplane. Data from which these character-
1stics can be determined were obtalned from tests of a
0.15-scale powered model in the Langley 7- by 10-foot
tunnel,

The results of that part of the investigation which
| deals specifically with static longitudinal stabllity
and control and stall characteriatics are presented in
this paper.

The longitudinal stability will probably be satis-
factory for all contemplated flight conditions at the
rearmost center-of-gravity location with the elevator
fixed and free. Power effects were small,

Sufficlient eclevator control will be avallable to
trim in any flight condition away from the ground. The
stick forces may be light if the spring stirrnesa
presently contemnlated 1is used.

Increasing the slotted flap deflection above 50°
increased chax only slightly.

Stalling characteristics will probably be satis-
factory. In geneoeral, stall started at the wing fold line

X=-186942
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and spread inboard faster than toward the tip. Power
delayed the stall over portions of the wing immersed in
the slipstream. The presence of the fuel tank, radar,
and wing guns did not appreciably affect the stall trends,

INTRODUCTION

At ths request of the Bureau of Aeronautics, Navy
Department, a series of wind-tunnel tests was made in
the Langley 7- by 10-foot tunnel of the Fleetwings
XBTK-1 model (0.15 scale) with power. In addition,
teats were made in the Langley - by 6-foot tunnel in
order to determine isolated horizontal-tail charac-
teristics.

The objective of these tests was to determine the
complete stability and control characteristics of the
model and provide data from which the flying qualities
of the airplane could he estimated. The information
thus obtained can be used to ascertain the amount and
axtent of modifications necessary to insure satisfactory
handling qualities of the contemplated airplane.

The present report includes the results of the
investigation of the longitudinal stability and control
characteristics of the model. Photographs of tuft
surveys made to determine the stall progression for
various model conditions are alsoc presented.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard
NACA coefficients of forces and moments. Pltching-
moment coefficients are given about the center-of-gravity
location shown in figure 1 (25.6 percent of the mean
aerodynamic chord). The data are referred to a system
of axes originating at the center of gravity in which
the Z axis is in the vlane of symmetry and perpendicular
to the relative wind, the X axis is in the nlane of
symmetry and perpendicular to the Z axis, and the
Y axis 1s perpendicular to the nlane of symmetry.

CONFIDENTIAL




CONFIDENT IAL
MR No. I5D27a 3

The coefficients and symbols are defined as followa:

CL 1ift coefficient (2/9S)

Cry tall-1ift coefficient (Tail 11ift/qSy)

Cpg resultant-drag coefficient (X/qS)

Cm pltching-moment coefficient (M/qSc)

Che elevator hinge-moment coefficient (H/qbyCe2)
To! effective thrust coefficient (T¢/qS)

nb/vV propeller diameter-advance ratio

Qe torque coefficient (Q/pv2p3)

n propulsive efficiency (TeV/2mQ)

where the quantities are defined below

A force along Z axis, positive when directed
upward, pounds A

X force along X axis, positive when dirscted
backward, pounds

M moment about Y axis, pound-~feet
elevator hinge moment, pound-feet
Te effective thrust, pounds
Q torque, pound-feet
dynamic pressure (pV2/2), pounds per square
foot
s wing area (8.55 square feet on model)
S¢ horizontal-tail area (1.80 square feet on model)
c wing mean aerodynamic chord (l.22 feet on model)
€q root mean square chord of elevator behind hinge

line (0.191 foot on model)
CONFIDENTIAL
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wing span (7.30 feet on model)

span of elevator (2.64 feet on model)
alr velocity, feet per second
propeller diameter (2.0, feet on model)

revolutions per second

mass density of alr, slugsper cubic foot
angle of attack of thrust line, degrees

angle of stabilizer with reapect to thrust line,
degrees; positive when trailing edge is down

control-aurface deflection, degrees ]
average downwash angle, degroea
propeller blade angle ut 0,75 radius (18° on ol

model)
105 l.Ob
o)

r
Side-force factor ;E:/‘ = sin g d(g)

ot

wing chord at any station Pt
propeller radius to given sectlion, feet v
propeller blade wldth, feet
D/2, feet o b
tail length =

tall-off gerodynamic center location, percent
mean aesrodynamic chord

neutrel-point location, percent mean aerodynamic
chord

tail chord at any station
CONFIDENTIAL ¢
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aCm
— rate of ohnnfo of pitoching-moment ocoefficient
dig with stabilizer setting
dCpy
e rate of change of pitching-moment coefficient
acy, with model 1ift coefficient
de

rate of change of aver downwash angle with
angle of attack of thrust line

da

dCy,

— rate of change of trim lift coefficient with
de /3 angle of attack of thrust line

Cmt

pltching-moment coefficient required of tail
for trim at elevator-fixed neutral=-point

location
b
T ratio of effective dynamic pressure over the
horizontal tall to free-stream dynamic
pressure
d(qy/q) .
-EE;- rnt;igfeﬁgnnge of q¢/q with model 1ift coef-
Subscripts:
] tall ofr
] elevator
r rudder
4 flap
ty isolated horizontal tall
t horizontsl tall; tad (when used with 8)
HMODEL AND APPARATUS
* The XBTX=-1 airplane is a single-engine, single- :
place, ocarrier=based dive and torpedo bomber with a
CONFIDENTIAL
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full cantilever low wing. It has vartial-span extenslble
slotted flaps, "picket-fence" dive brakes, adjustable
stabilizer, and a fully retractable conventional landing
gear., The elevator 1s aerodynamically balanced by a
shielded horn type of balance (medium noss shape) in
combination with a spring tab. Trim changes are
accomplished with the ad?ustable stabllizer, At design
gross weight the alrplane carries a radar unit under the
right wing panel and an auxiliary droppable fuel tank
under the left wing pansl in addition to one 1000=-pound
bomb under the fuselags. The nhysical characteristics
of the airplane which were supplied by ths manufacturer
are presented in tables I, II, and III.

The model was supplied by the Fleetwings Division
of the Kalser Cargo Corporation. It was not checked for
accuracy. A three~view drawing of the model, us received,
is shown in figure 1 und photographs of the original
model are presented in figures 2(a) and 2(b).

The center wing panel has an NACA 24,16 airfoil
section with no taper or twist and is set at 2° with
respect to the thrust line. The outer panels have a
0.50 taper ratio and -2.2° geometric twist. The
theoretical tip section is an NACA Ll12. All of the
teatloreported herein were made with a wing dihedral

of BE in the outboarcd nanel. The flaps are of the

extensible slotted tvne constructad in three sections,
namely, & center section balow the fuselage of about
5.4 inches span on the ™adel and two outboard sections
which extend from the center section to the wing outer
panels, For normal oreration (all tests reported in
this paper) these three sections operate as a single
unit but when a torpedo 1s carried, the center-section
flap 1s locked in the retracted rosition, Detalls of
the flap nositions for various deflections tested are
presented in figure 3.

The model was normally tested with a radar dome
under the right wing and a fuel tank under the left
wing. Two 1/4-inch diameter dowels 1 inch long were
placed in the leading edge of the wing 18,09 inches
from the center line of the model to represent cannon.

The horizontal tail had a modified NACA 66,2-015
root section tapering to a modified NACA 66,2-009
theoretical tip section. The alirfolils were modified

CONFIDENTIAL
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in that the cusped tralling edge was replaced by a
straight-line fairing which was tangent to the trwe
contour at the 0,70c; station and extended to the
tralling edge. The elevator, which was statiocally
mass-balanced, had an area of about 28.2 percent of
the horiguntal-tail area, was of constant percent

chord 3% = 0,30) up to the horn and was unsealed

for most of the tests, Detalls of the horizontal tail
surface and elevator are shown in figure .

The model configurations referred to in the text
and on the figures are as followsa:

1. Cruising configuration:
a
Landing gear retracted
2. Landl configuration:

)
Landing gear extended
(a) Main wheels down
(b) Wheel-well cut-out in wing open
(c) Tail wheel down
(4d) Tall-wheel door open
(e) 2rresting hook extended

The precision of setting the angular deflections
of the movable surfaces on the model is estimated to be
as follows: 1¢ $0°5', 84 $0°30', 8y ena 8 ¥1°0'.

Power was obtained from a 56-horsepower, three-
phase induction motor. The speed of this motor was
determined by observation of a cathode-~-ray oscillograph
which indicates the output of a small alternator con-

. neoted to the shaft of the motor. The time base for the

oscillograph pattern is controlled by an audio-osoillator of
the electrically driven tuning-fork type, the frequency
of which 18 known within 0,1 percent.

TESTS

st conditions.- Teats of thse complete model were
made g%‘a3ﬁiira'5¥533ures of 9.21 and 16.37 pounds per
square foot, which correspond to airspeeds of about .
60 and 80 miles per hour. fThe test Reynolds numbers

CONFIDENTIAL
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were sbout 685,000 and 910,000 based on the wing mean
aerodynamioc g rd of 1. feet. Becauss of the turbulence
faotor of 1.6 for the Langley 7- by 10-foot tunnel,
effective Reynolds numbers (for maximum lift coefficients)
were about 1,000,000 and 1.460,000, respectively.

The teats of the 1solated horizontal tall were made
at a dynamic preassure of 13 pounds per aquare foot,
corresponding to an airapeed of 71 miles per hour under
standard sea-level atmospheric conditions. The test
Reynolds number was about 323,000 based on the average
chord of 5.81 inches. The turbulence factor is 1.93
for the Langley l;~ by 6=foot tunnel, and hence, the
the effeotive Reynolds number (for maximum 1lift coef-
ficient) was about 62,000 for these tests.

Test procedurs.- The thrust callbration of the
model propeller was obtained by measuring the resultant

drag of the model (oruising configuration) for a ran
of propeller spesds near zero lift. The thrust coeffi-
cients were then computed from the equation

Te! =Cp = cDR

where Cp 1s the drag of the model with the propeller
removed. The torque coefficlents were obtained from a
motor calibration (torque as a function of minimum
ocurrent) using the vulues of minimum current at each

propeller speed. The results of the propeller calibration
are presented in figure 5.

Using the data of figure 5, it 1s only neceasary to
vary the propeller speed for a particular tunnel speed
to obtain a range of thrust coefficlents asauming that
in the normal angle-of-attack range the propeller thrust
is indspendent of the angle of inclination of the pro-
peller at conatant aD/V,

The effeotive thrust coefficienta at which the
power-on tests were made are shown in figure 6 as a
function of 1ift coefficient for conatant power with a

econstant-apeed propeller, These curves were supplied
by the manufacturer,

All tests were made at a dynamic preasure of
16.37 pounds per square foot except tests simulating

CONFIDENTIAL
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the take-off power condition in the landing configuration
which were made at a d ic preseure of 9.21 pounds per
square foot. This difference was necessitated because

of power limitations of the model motor.

The thrust coefficient at which windmilling tests
were made was about =0,010.

CORRECTIONS

;%%sloz T=_by 10-foot tunnel.- All data have been
correc or tares cause y the model eupport strut.
Jet=boundary correctione have been aprlied to the angles
of attack, the drag coefficienta, and the tail-on

pitching-moment coefficients. The corrections were
computed ae follows:

ac = 57.3 8, g Cy, (degrees)

ACp = Oy % cr2

Oqp .

S dCm

A = -5705 ? - ~ Cc
where
Oy jet-boundary correction factor at the wing (0.116)
Op total jet-boundary correction factor at the
tall (0,196)
s model wing area (3.55 square feet)
c 4  tunnel croee-sesetional area (69.59 square feet)
dac
—= rate of change of pitching-moment coefficient
dig with etabilizer setting as determined in
tests
3
— ratio of effective dynamic pressure over the
Q horizontal tail to free-stream dynamioc
pressure

CONFIDENTIAL




COXFIDENT IAL
10 _ MR No. L5D27a

All jet-boundary corrections were added to the teat
data.

Langley li~ by 6-foot tunnel,- The angles of attack
of thé tall have &en correctad for the effect of the

Jet boundaries. The correction was added to the measured

* values and was as follows:

dag = 1.097CLt (degreen)

The 1ift cosfficienta were corrected for support-strut
tarea, No tarss or jet-bLoundary corrections were applied
to the hinge-moment cosfficlents inasmuch as these correc-
tions were eatimated to be negligible,

PRESENTATION OF DATA

Teats were made at various stabllizer settings for
saveral nower and modsl condlitions, These tests were
made with the slevator both fixed at 0° and free to
float. Elevator and elevator-tab tests were also made
on the complete model for similar power and model con-
ditions. In addition, i1solated liorizontal-tall charac-
teristics were determined. Several slotted flap deflsc-
tions were tested. Photographa of tufts placed on the
wing were made to determine the stall progression for
several nowar and model conditions,

A short outline of the fizures showing the results

of the longitudinal stability und control investigation
is presented in the following table;

COR TIDENTIAL
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ﬂ‘g no,

A. Elevator~-fixed stability:
Stabllizor tests . ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o s o o
Neutral poInts . . ¢« ¢ ¢ ¢ o o o ¢« = o o o o
Stability doterminants . . « « o« ¢« ¢ = o ¢ »

o e o
O CO-3

B. Elevator=free stability:
Stlbilile!' tOSBtS . ¢ ¢ s ¢ ¢ 2 0 @ 8 2 0 e & » 10
Reutral pointa [ ] L ] [ ] L] L] L] L] L] [ ] L) L] L] L] . . [ ] 11

C. Isolated tall characteristics;
Blovator tests . . « ¢ « ¢ o « « s o ¢ s ¢« = «» 12
Elevator'bab ’.‘e!tl e & & o 2 e 2 ® o & o 8 ° @ 15

D. Elevator control characteristics:
Blevator tests . . ¢« . ¢ © ¢ ¢ o ¢ o ¢ o o o o
Ele vator-tab tests ¢ ¢ & ® ° o o 8 © 8 o ° ° @ 15

E. Landing flap characteristics . , . . . . . « « o« 16
F. Stall characteristics . . . « ¢« ¢ « o o « o ¢ o 17=22

DISCUSSION

Elevator-fixed stability.- The elevator of ths
XBTK-1 alrplane 18 equlpped éith a spring tab. With
the stick fixed, the elevator, therefore, 1s not
necessarily fixed as is true for a conventional control
system without cable stretch, However, neutral points
obtained from flight data are generally determined from
the variation of elevator angle with velocity rather i
than the variation of stick position with velocity. Thus,
the presence of the spring may be treated as an additional
source of flexibility in the control system and neutral
points gan then be obtalned by usual methods. (See refer=-
ence 1.

s i e - o

The static margin is positive for all conditions
tested at all contemplated airnlane center-of-gravity
locations, (See fig. 8.) The effect of nower on the
longitudinal stabillity was unusually small.

« The propeller used on the model was of the same
dilameter as the scaled=down airvlane propeller diamster
but the side-force factor was 65.3 as compared to an
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airplane value of 91,3. However, a similar difference of
model and airplane propeller aslde-force factors in
another invesatigation was found to give a forward
neutral-point shift of less than 0,01 mean aerodynamic
chord, (See reference 2.) Inasinuch as this value is
well within the accuracy of the neutrale-point calcula-
tion, 1t can be neglected,

An attempt has been made to analyze the effects
of nower on the longitudinal stabllity. In order to do
this various factors which affect the stabillty of the
alrnlane have been calculated and are shown on figure 9.
It may be shown that for neutral statillity and assuming
a constant tail 1lift-curve slope

aCp _ o
acy, st" ) i (- ) d(&
- jm s ti \ mt q
dcy, ), ( e 90y, (1) “
qQ i
which reduces to dcy,
ar,
t dc Cn dg q
ng = n, 4 g——= (1 - -t 2
P °  facy ( da St dcy, . i
\aa 1l Q
inasmuch as

), 3
d.—i: da t

dcm
Np - Ny = a'é}: (at the neutral point)
(]

:2::0 the notations are as previously defined in the

CONFIDENTTIAL
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Thus, the relative weight of the various factors
which contribute both favorably and unfavorably to the
longitudinal stablility can be estimated for any condi-
tion from the preceding equations, In addition, the
effects of power can be separated to some degree.

In the cruising configuration and at moderate 1lift
cosfficlients the model has more stability with take-off
power than 1t does with the propsller windmilling. Using
figures 7 and 9 to obtain the values of the various
stability determinants at Crp = 0.8, 1t is found from
equation (2) that the stabllizing effects of a rearward
movement o!‘d(x";‘,/,q 0.055 mean aserodynamic chord) and of

increased -—ag;- at the tall (0,030 mean aerodynamic

chord) mors than compensate for the 0.060 mean aero-
dynamic chord loss in stability caused mainly by a

higher value of d¢/3a with power, Thus, the total
change in stability due to power at Cr, = 0.8 as
determined from the summation of individual effects

is found to be a 0,025 mean aerodynamic chord rearward
shift of the neutral point. This value compares with

the measured value of 0,022 mean aerodynamic chord

(rig. 8). The discrepancy is quite small in this instance
and, in general, it is believed to be within the accuracy
of the neutral-point determination (approximately

0.02 mean aerodynamic chord),

At very low=-1ift coefficients the stability in the
ocrulsing configuration becomes less power on than power
off. This 1s seen to be chiefly caused by the rate of
change of dynamio pre?auz}e at the tail, For while at a

d(q,/q)

higher coefficient is responsible for a

acr,
favorable effect, Anp = 0,03 mean serodynamic chord,
at Cg, = 0.2 an adverse shift of Anp = 0.015 1s

realized, The main reason for this change is that the
tall load for trim is negative and hence favorable at
higher 1ift coefficlients but becomes positive at low
values of Cyp,.

In the landing configuration the change in
neutral-point location with the application of power
is falrly constant, small, end always stabilizing,
(See fig. 8.) This may be explained by the extremely
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large rearward shift in tall-off asrodynamic center
location with power. The difference in n, 1increases
at high 1ifts and thus counteracts the loss in the
stabllity contributed by the empennage, inaamuch as
progressively larger values of de¢/da and

giﬂ&é%l are both destabllizing.

Some of the design features, which may in part
account for the small change in stability with power
through the 1ift range as well as the over=all satis-
factory stability characteristics, are the high loca-
tion of the horizontal tall and rectangular inboard
wing panels with constant chord flaps. Data showing
favorable effects of the two aforementloned model
features can be found in reference 3. In addition, the
deslgn center-of-gravity location is considerably below
the thrust line so that the dirsct thrust moment lis
favorable.,

Slevator-free stability.- The statlic margin will Ve
positTve for all condltlions tested at all contemplated
airplane center-of-gravity locations with the elevator
free (fig. 11),

In general, the elevator-free neutral polnts are
from O to 6 percent mean aerodynamic chord farther aft
than the correspondinis elevator-fixed neutral points for
similar condltions. Comnrnare figures 11 und 8,
exception to this trend is found in the take-off power
condition, in the landlny configuration, and at high
1ift coefficientswhere the s%ability !s considerably
less with the elevator free.

It can be seen fiomn t-e isolated-tall data of
figure 12 that the ratio of the hinge-moment parameters

which determines the floating characteristics

of the elevator is of such sign as to cause the elevator
to float against the relative wind and thus increase

the tall effectiveness and hence the stability (inasmuch
as de¢/da 1s less than unity). Apparently, however, 1
the landing configuration with take-off power dche/hast

becomes negative at high-1lift coefficients (flg. U (e))
thus reducing the tail effectiveness, It might be noted

CONFIDENT IAL
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that this change in dchO/ha)t is probably a result

of the nonlinear hinge-moment characteristics (fig. 12)
combined with a large reduction in tail angle of attack
over the right inboard portion of the tall and a similar
increase in angle of attack over the left inboard portion
3 which is caused by right-hand propeller operation (refer-
: ence lj). The greatest part of the decrease in stability !
is not thought to be caused by a reduction in tall .
effectivensss due to negative Shche/hc ¢ but rather

by the rate of change of tall effectiveness with 1lirt
coefficient. Thus, in order to determine the power

effects with the elevator free, the following term must
be added to equation (2):

@
-C
acL ac
da )t L !

where the notation used has been previously defined.

d q-m,,mm_?_ ,..m

|
|

3
¥
o

H

The elevator-free curves shown as dashed lines on
figures 10(a) and 10(b) were obtained by cross-plotting
the hinge-moment data of figures 1lli(a) and 1i(b). This
was necessary inasmuch as severe oscillations of the
elevator occurred with the stabllizer incidence set at
a value lowsr than 3° or 42 in the cruising configura-
tion., This might be attributed to a positive value
of (dc%/da)t .

The presence and tgﬁe of oscillations on the air-
plane will depend on such factors as control surface

and sirplane inertia, control system friction, stabllity,
and certaln other factors. (See reference 5.5

Isolated horizontal tall.- A seriss of tests was
made Yor varlous elevator and elevator-tab settings on
the isolated horizontald tail, (See figs. 12 and 13.)
The elevator-free curve,shown on figure 12, was obtained
using the hinge-moment data. The difference between the
hinge-moment curves at zero tab and elevator deflections
(rigs. 12 and 13) may be attributed to the fact that these

a tests were run at different times and the differences in
the two curves are an indication of the experimental
accuracy.

CONFIDENTIAL
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The following table summarizes the elevator

parameterss
Original Gap seuled| Elevator free
oCy,
S—_ 0,0565 0.0575 0.069
a ti
éCL
oCp
-2} 0.000 (auverage for coccm= mmma-
da ty two testa)
ﬁ -0.0057 LT Y ¥ ) LT
a8 tq

As 1s shown by the nreceding table, sealing the
gap Increassd the lift-curve slope by about 2 percent,
which 13 of the exvected magnitude inasmuch as the gap
was only from about 0,001 to 0.002cyt-

The slonme cf t..» elevator-free lift curve showed
about a 22-percent averas;e increase over the elevator-
fixed slonme. Although this annears contpadictory in
view of t:he tabulated value of (échelbasti, it must

be remenmbered that the hinge-moment characteristics
are nonlinear and the tabulataed value is an avorage
value of slopes measured over a small angle-of-attack
range at the origin.

The tab affectiveness Ache/Bbt)tl averaged about

=0,0053 at moderate deflections in the ungle-of-attack
reange llkely to be encountered under normal operating
conditions of the alrplane.

Effect of elevator and elevator-tab deflection.=-
The OIOVQEOI‘ OTIQCEIWRQSS as HeEemIneE Irom I!S-
ure 2i(a) is about 0.9 as high as that ohtainsd from 0
1solated«tail data using the relationship
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1. 78 0‘ ty Se¢

where the symbols have been previously denoted in the
text. This effectiveness ratlo of 0.9 indicates that
the average dynamic pressure over the elevator on the
complete model is about 0.9 of the free stream q.

The data (fig. 1) indicate that the elevator should
be sufficiently powerful to trim the airplane at any
speed away from the ground for all conditions,

As has been stated earlier in the text, a large
degree of the merodynamic balance of the elevator is
supplied by & apring tadb. Although it is beyond the
scope of this paper to present detalled control-force
characteristics, estimates using the hinge-moment data
of figures 1l and 15 indicate that the control forces
for conditions of steady flight will be very light if
the spring stiffnesa contemplated for the prototype
airplane is used. However, since it is believed to be
& relatively simple task to change the spring constant
on the airplane, no major difficulty is likely to be
encountered in obtaining a spring constant which will
glve satisfactory stick-force characteristics,

The power-off tab effectivenesa dCh,/dd¢

(rigs. 15 (a) and 15(c)) agrees well with that obtained
from iaolnxad-taél tests. It might be noted that the

ratio of 33%! T increases with Cj;, for the power-
on conditions, indicating that the average dynamic pres-
sure over the tab is greater than that over the elevator.
This increases the spring-tab effectivensas but has no
bearing on slevator-free atability inasmuch as the tab

is not used for trimming purposes,

It may also be noted from the data of figure 15
that tab deflection appears to have a considerable
effect on the piltching-moment curve, It is believed,
however, that the neutral-point location will be
negligibly affected by tab deflection because of the
small spring-tadb deflections which will be required with
trim elevator deflections at the center of gravity for
neutral stability.
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Effact of slotted«flap deflection.~ Tall-off data
were obtalned at various sgoEEea-TIap deflectionas,
(See fig. 16.) The maximum 1ift coefricients obtained
from this figure are tabulated in the following table

and have vLeen corrected for tall loud regquired for trim
at the design center-of-gravity location.

O 2
Configuration (deg) Linax
Cruising 0 1.34
Landing 30 1.73
N
0 1l.
L5 1.84

The change in maximum 1ift coefficient when the
flap deflection is increased from 30° to 45° 1s seen
to be quite small. It may also be ssen that at angles
of attack slightly below the stall an appreciable
increment in lift is obtained when the flap deflection
is increased in the higher range.

Stalling characteristics.- Photographs of the tufts
showing the stall progreaslion are shown for the different

model configurations. (Ses figs, 17 through 22.)

In the windmilling, crulsing configuration, the
stall appears to start at the tralling edge slightly
inboard of the fold line. As the angle of attack 1is
increased the stall progreases forward over the inboard
wing panel while not progressing markedly toward the
tip. The final photograph (fig. 17) at a = 17.3°
shows the inboard wing panels almost completely stalled
while over a large portion of the outboard panel the
flow is merely unsteady. Removal of the radar, wing
tank, and guns seesms to have a very slight effect on
the stall progression in the crulsing configuration.
(Compare figs. 17 and 18,) When take-off power is
applied in the cruising condition, the portion of the
wing immersed in the slipatream remains unstalled after
most of the remaindsr of the wing is stalled. The stall
appears to be earlier and more pnronounced over the left
inboard wing panel than it i1s over the right panel which
might be)expected for right-hand propeller operation
(fig. 19).
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In the landing condition, with the propeller winde
milling, the flaps appear to be generally atalled or in
a region of unsteady flow at low les of attack. As
the angle of attack increases, the flow through the slot
improves and the flaps become unstalled. The wing
remains unstalled up to about 15° or 16° angle of attack.
The stall then begins at the left inboard fold line
spreading inboard much more rapidly than it progresses
toward the tip., The last photograph on figure 20 shows
that while a good portion of the left panel 1s stalleq,
the right panel is elither unstalled or only in a region
of unsteady flow at a = 18,19, except at the extreme
right wing tip where stall has begun. The pictures on
figure 21, guns, radar, and fuel tank off would seem
to indicate that the absence of the latter auxiliary
equipment cauces stall over the left inboard panel much
earlier than is shown in figure 20 (auxiliary equipment
on). The reason for this effect is not known., Otherwise,
except for a lesser tendency for tip stall on the right
wing tip, the progression of the stall with and without
the auxiliary equipment is similar, The chief effect
of power on the stall is again a stall delay in regions
close to the wing-fuselage juncture (fig. 22).

Bscause of differences in scale, the amount of stall
indicated at each angle may differ from that on the
full=scale airplane but the stall progression should be
correct.

CONCLUSIONS

The results of the longitudinal stability and control
investigation of a 0.15=-scale model of the XBTK-1 air-
plane indicate that:

l. The longitudinal stability will probably be
satisfactory for all probable flight conditions at the
rearmost center-of-gravity location with the elevator
both fixed and free. Power effects were quite small.

2. Sufficient elevator control will be available
to trim in any flight condition away from the ground,
Indications are that the stick forces may be light 1if
the spring stiffness now oontemplated is used,
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3, Increasing the slotted flap deflection above 30°
increased c;, only slightly.

lj. Stalling characteristics will probably be
satisfactory. 1In general, stall started at the wing
fold line and spread inboard faster than toward the tip.
Power delayed stall over portions of the wing immersed

in the slipstream. The presence of the fuel tank, radar,
and wing guns do not aporecliably affect the atgll trends.
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DESCRIPTION

Jame and type . .
Engine . . « « &«
Ratings:

Normal power .,

Take-off power
Military power

Propeller . . . .
Dliameter, ft .
Bludes (number
Gear ratio . .
Actlvity factor
Blade thickness

Normal gross welgh
Over-all length,
Over-all height,
‘.'.'1!15 span, ft . o

ft L] L) -
ft L] L] L)
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OF FLEETWINGS XBTK-l AIRPLANKE

XBTK-1 (Havy dive-torpedo bomber)

.+ « « o o« o Pratt & Whitney R-2800-22W

1700 bhp at 2600 rpm at sea level

5 1700 bhp at 2600 rpm at 7000 ft
1450 bhp at 2600 rpm at 18,500 ft

e « .2100 bhp at 2800 rpm 'at sea level
2100 bhp at 2800 rpm at 1000 ft

* * 11600 bhn at 2300 rpm at 14,000 ft

and designation)’

(h/b)g 757 « + -
t. lb L) L) .

Hamilton 3tandard
four,

.« « 0,060

NATIONAL ADVIGORY
COMMITTEE FOR AERONAUTICS
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TABLE IX
ATRPLANE WING-AND TAIL-SURFACE DATA

E
; Wing Hor%:gixtal Vertical tail g
¥ :
b Ares, aq ft 380 80 851,25 :
' Span, ft 148.67 18.5 8.38 3
# Aspect ratio 6.23 L.26 1.42 ¥
g Taper ratio .50 59 ceescccecenn
o ihedral, deg 8.25 0 S i
g Incidence, deg 2 2 to =7 0 .
A g
2 Geometric twist, deg| -2.2 (0] 0 %
H k:
& NiCA 66.2-015|Naca 66.2-015 4'%
2* Root section NACA 2416 modified nodifled g
NACA 66.2-009 NACA 66.2~009 4
% Tip section NacA Lz Ml itiea modified 3
£ Mean aerodynamic 8.17 e e k4
37 chord, ft . T ﬁ
g;.; Root chord, ft 9.17 5.45 6.89
vi':,, Theoretical t.p .
& chord, ft L.585 3,20 2.67
" SInclndes dorsal fin,

o

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS
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FIGURE LEGENDS
figure 1l.- Three-view drawing of 0,15-scale model of
Fleetwings XBTK-1 airplane.

Pigure 2(a).~ Three-quarter front view of the 0.15-scale
model of the XBTK-l airplane.

FMgure 2(b).~- Three-quarter rear view of the 0,15-scale
model of the XBTK~1l airplane.

rigure 3.~ Detalils of slotted flap positions for various
deflections tested on the 0.15-scale model of the
XBTK-1 airplane,

Figure L.~ Drawing of horizontal tail of 0.15-scale
model of the XBTK-1 airplane,

Figure 5.- Characteristics of a 2.04~foot diamester
four-bladed propeller on 0,15-scale model of
XBTK-1 airpleane, a = 0°; g = 18°,

Pigure 6.~ Thrust coefficlent available at any lift coef-

ficient for the XBTK-1 airplans with 60 percent rated
and take-off power. Sea level conditions,

3 = 39.1.

Figure 7.~ Effect of stabllizer on the aerodynamio char=-
acteristics in pitch of the 0,15-scale model of the
XBTK-1 airplane,

(a) Windmilling, cruising configuration.

Figure 7.- Continued.

(b) Take-off power, crulsing configuration,

Figure 7.~ Continued.

(o) Windmilling, landing configuration.

Flgure 7.- Concluded,

(d) Take-off power, landing configuration,
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FIGURE LEGENDS - Continued

Figure 8.- Elevator-fixed neutral points of the
XBTK~-1 airplane as determined from wind-tunnel tests
of a 0.15-scale model, &4 = 0°,

Figure 9.- Effect of power on various 1onf1tud1n.1
a

stability determinants of the XBTK-1 rplane as
sstimated from tests of a 0,15-scale model,

(a) Cruising configuration.
Figure 9.- Centinued,
(a) Concluded,
Figure 9.~ Continued.
(b) Landing configuration.
Figure 9.- Concluded. '
(b) Concluded, .
Figure 10.,~ Effect of stabilizer ocn the aesrodynamio
:g:r;;;;:ia:i;;légb?1tg:'ofr:2? 0.15-scale model of
(a) Windmilling, orulsing configuration.
Figure 10.- Continued.
(b) Take-off power, cruising configuration.
Figure 10.~ Continued.

(o) Windmilling, landing configuration.
Figure 10.- Concluded,

(d) Takes-off poéer, landing configuration,
Pigure 1ll.- Elevator-free neutral points of the

XBTK-1 airplane as determined from wind-tunnel
tests of a 0,15=scale mocdel. 0
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FIGURE LEGENDS - Continued

Flgure 12,- Effect of elsvator defleotion on the aero-
dynamic characteristics of ths 1isolated horizontal
tail of 0,15-scale model of Fleetwings XBTK-l air-
plane, 0, = 09,

Figure 12.- Concluded,

Figure 13,- Effect of tab deflection on the aerodynamio
characteristics of the isolated horizontal tall of
3'15'88"19 model of Fleetwings XBTK-1 airplans,

=
e L]

Figure 13,- Concluded,

Figure 1l .- Effect of elevator deflection on the sero-
dynamlc characteristics in pitch of the 0,15-scale
model of the XBTK-1 airplane. 8 = 09, 1, = 190,
(a) Windmilling, cruising configuration.

Pigure 1ll.- Continued.

(a) Conecluded,

Figure 1ll.- Continued,

{b) Take=-off power, crulsing configuration.

Figure 1l .- Continued.

(b) Concluded.,

Figure 1l .- Continued,

{c) Windmilling, landing configuration,

Figure 1llL.- Continued,

{(c¢) Concluded.

Figure 1ll.- Continued.

(d) 60-percent rated power, landing confisurnu;m.

Figure ll.- Continued,

{(d) Concluded,
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FIGURE LEGENDS - Oontinued

Figure 1l .- Continued,

(e) Take-off power, landing configuration.

Figure .- Conoluded.

(e) Concluded.

g T gt R g R i R
model of the XBTK-1 airplane. 8, = 0%, i, = 100!,
(a) Windmilling, cruising configuration.

Figure 15.- Continued, '

(a) Concluded.

Figure 15,.~- Continued,

(b) Take-off power, oruising oconfiguration.

Figure 15.- Continued.

(b) Cconcluded,

Figure 15.- Continued,

(o) Windmilling, landing configuration

Flgure 15.- Continued,

(o) Concluded,

Figure 15.- Continued,

(a) 60-percent rated power, landing configuration,

Pigure 15.- Continued. -

(4) Concluded,

Figure 15.- Continued,

(o) Take-off power, landing configuration.
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FIGURE LEGENDS = Concluded

Figure 15.~ Concluded,
{e) Concluded.

Figure 16.~ Effect of flap deflection on the asrodynanmio
characteristics in pitch of the 0.15-scale model of
the XBTK~1l airplane. Tail-off, windmilling,

Figuro 17.~ Tuft study of O,15-s¢ale model of XBTK-1l air-
lane. Crulsing configuration° windmillings; guns,
tuel tank and radar on; tall-off,

Pigure 18.~ Tuft study of 0.15-scale model of XBTK-1 air-
plane. Cruising configuration; windmilling; guns,
fuel tank, and radar off; tall-off,

Figure 19,.- Tuft study of 0.15-scale model of XBTK-l air-
plane, Crulsing configuration; take-off power; guns,
fuel tank, and radar on; tail-off.

Figure 20.~ Tuft study of 0.15~scale model of XBTK~l air-
plane, Landing configuration; windmilling; guns, fuel
tank, and radar on, tall-off,

Figure 21.- Tuft study of 0.15=-acale model of XBTK-1l aire
plane, Landing configuration; windmilling; guns,
fuel tank, and radar off, tall-ocff,

Figure 22, Tuft study of 0.15-8cale model of XBTK-1 aire

plane, Landing configuration, take-off vower; guns
fuel tank, and radar on, tailloff. ’
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MP No. L&DZ7

Figure 17.~ Tuft study of O.15-scale model of XBTK~1 airplane.

Cruising configuration; windmilling: guns,
radar on;

fuel tank and
'5511-0 | o o

RATIONAL ARYIAGAY CORAITIRR POR ARRONAYTICA
LARGLEY RRASOAIAL SRROAAUTICAL LASGAATOAT + LARNNLAT PIALR, VA,
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Figure 18.- Tuft study of O.l5-scale model of XBTK-1 airplane

Cruising configuration: windmilling: guns, fuel tank, and
radar off; tail-off.

BARIOSAL ADVIGOAY COMNITTES POR ASROBAUTICH
LABGLETY GEDORIAL ABROSAUTICAL LADGAATISY = LANOLEY PISLE, VA.
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i Figure 19.- Tuft study or 0.15-scale model of XBTK-1 airplane.
Crulsing configuration; take-offr Power; guns, fuel tank,
and radar on; tail-orr,

SAVIONAL ABVISSAY CONNITTRR Pon ABReRaUTICS
UBNORIAL ABRSRAVYICAL LABGRATORY - LaoBSLBY S, va,
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Flgure 20.- Tuft study of O.l5-scale model of XBTK-1 airplane.

Landing configuration; windmilling: guns, fuel tank, and
radar on, tall-off,

BATIOVAL ARVINGAY COWNITTUN POR ABRONARTICO
SLEY PEUGRIAL ABRSSAUTICAL LADGRATHAY = LAWNLET FINLR, VA.




MR No., L&D27a

hsn

“h

CONFIDENTIAL

NACA LMAL 41361

Figure 21.~- Tuft study of 0.15-scale model of XBTK~1l airplane.

Landing configuration; windmilling;
radar off, tall-off.

guns, fuel tank, and

BAVIONAS U‘In.llﬁ' CONNITTEE POl ADRGSADTIES

ADVISAL LABORATOAY - LAPSLEY PISLD, VA.
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Figure 22.. Tufte study of 0. 15-scale model of XBTK-1 alrplane,

Landlng conuguration. take~orf Power; guns, fuel tank, ang
radar on, tail-orf,
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